
B I O C H E M I S T R Y  AND BIOPHYSICS 

E F F E C T  O F  C a  ++ A N D  G A B A  ON O X I D A T I O N  O F  G L U T A M A T E  

A N D  G L U T A M I N E  BY R A T  B R A I N  S Y N A P T O S O M E S  

N .  S .  N i l o v a  UDC 577.17.49:577.17 

E x p e r i m e n t s  in v i t ro  showed that  the addition of Ca ++ inhibits  r e s p i r a t i o n  of r a t  b ra in  syn-  
ap to somes  in the p r e s e n c e  of g lu tamate  and glutamine.  The addition of GABA potent ia tes  the 
inhibi tory e f fec t  of  Ca++ on the oxidation of glutamine but not of g lu tamate .  GABA i tse l f  has  
no effect  on the oxidation of e i t he r  g lu tamate  or  glutamine.  
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Regulat ion of the g lu tamic  acid sys t em,  including glutamate ,  glutamine,  ammonia ,  a spa r t a t e ,  and 7 -  
aminobutyr ic  acid (GABA), is  of  e s sen t i a l  i n t e r e s t  in neu roehemis t ry ,  for  each of i ts  components  is  d i rec t ly  
l inked with the function of ne rve  t i s sue .  The  g lu tamic  acid s y s t e m  is  a s ingle metabol ic  entity, in a s ta te  of 

• dynamic  equi l ibr ium [5]. The modulat ing ro le  of Ca ++ and GABA in ne rve  t i s sue  is  ve ry  d ive r se .  Ca++ p a r -  
t i c ipa tes  in conduction of the nervous  impulse  [1] and can also cause  conformat ional  changes in va r ious  i n t r a -  
ce l lu lar  m e m b r a n e s  and it  ac ts  on t r a n s p o r t  p r o c e s s e s  through i ts  influence on the s ta te  of c a r r i e r s  [2]. The 
in t race l lu la r  ef fec ts  of  GABA as  a biological ly act ive  compound m a y  also be connected with changes in the 
conformat ion and pe rmeab i l i t y  of va r ious  cell  m e m b r a n e s .  

The  Object of th is  invest igat ion was to study the combined effect  of Ca ++ and GABA on oxidation of 
g lu tamate  and glutamine by b ra in  synap tosomes .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  we re  c a r r i e d  out on albino r a t s  weighing 160-180 g. The  a n i m a l s '  b ra ins  were  r emoved  
en t i r e ly  except  fo r  the ce rebe l lum.  Synaptosomes  w e r e  obtained by l aye r ing  the total  mi tochondr ia l  f rac t ion  
suspended in 0.3M suc rose  on 0.SM suc rose  [8]. Resp i ra t ion  of the synap tosomes  was  r e c o r d e d  in a Warbe rg  
appa ra tu s .  K r e b s - R i n g e r  solution was  used  a s  the incubation medium,  with g lu tamate  or  glutamine in a 
concentra t ion  of 20 mM as  the r e s p i r a t i o n  subs t r a t e .  The  pro te in  concentra t ion in the s amp le s  was 7-9 rag. 
P ro t e in  was  de t e rmined  by L o w r y ' s  method [10]. Glu taminase  ac t iv i ty  was de te rmined  f r o m  the quantity of 
ammonia  l i be ra t ed  f r o m  glutamine during incubation of the s amp le s  fo r  30 min  at 37°C. The ammonia  con-  
cen t ra t ion  was  de t e rmined  by a microdif fus ion method [3]. 

E X P E R I M E N T A L  R E S U L T S  

The  effect  of Ca ++ in d i f ferent  concent ra t ions  and a lso  the combined ef fec t  of Ca ++ and GABA on the 
oxidation of g lu tamate  and glutamine by r a t  b ra in  synap tosomes  w e r e  invest igated.  I t  will be c l ea r  f r o m  
Tab le  1 that  the  addition of Ca ++ in concent ra t ions  of 0.75, 1.5, and 3.0 m_M reduced the oxygen consumption 
by 12-16% when g lu tamate  was used.  Th i s  inhibition of r e s p i r a t i o n  was equal fo r  Ca ++ in all  concentra t ions  
used .  The  s imul taneous  addition of Ca  ++ and GABA (3 raM) did not cb-nge  the  c h a r a c t e r  of the e f fec t  of th is  
cation: inhibition of r e s p i r a t i o n  during ut i l izat ion of g lu tamate  was of the s ame  magnitude (11-13%). As 
r e g a r d s  r e s p i r a t i o n  with glutamine,  in this case  Ca ++ in a concentra t ion of 75 mM did not affect  the oxygen 
consumption,  in a concentra t ion of 1.5 mM it inhibited r e s p i r a t i o n  s ta t i s t ica l ly  significantly by 9%, and in a 
concentra t ion of 3.0 raM, by 13%. In th is  case  a s ta t i s t ica l ly  significant s t rengthening of the ef fec t  of  Ca ++ 
was  obse rved  on an inc rease  in i ts  concentra t ion in the incubation med ium.  The addition of GABA in a con-  
cent ra t ion  of 3 mM caused an  i n c r e a s e  in the effect  Of Ca++: the inhibi tory effect  of the cation was  mani fes ted  
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TABLE 1. Respi ra t ion  (in ~moles  O~/10 mg prote in /h)  of Rat Brain  Synaptosomes in 

P r e s e n c e  of Ca++ and GABA, M • m 

Glutamine (20 mM) Glutamate (20 mM) 
Ca ++ con- 

without GABA ]Ca+++ GABA without GABA Ca+++ GABA 
cent~ation, Ca++ Ca~+ Ca++ Ca ~+ mM (3mM) 1(3mM) (3mM) (3mM) 

0,75 

1,5 

3,0 

Legend. 
C a++). 

1,99+0,06 
(11) 

1,99_+0,06 
(11) 

1,99+0,06 
(11) 

I, 96-+0,08 
(ii) 

1,81-+0,05" 
0o) 

1,73-4-0,06* 
(11) . ~  

1,92±0,07 1,70-+0,07" 
(12) (12) 

2,04_+0,04 1,72___0,03* 
(15) (15) 

2,04±0.03 1.62+0,02" 
(15) (15) 

2,25+0,04 
(21) 

2,25±0,04 
(21) 

2,25-+0.04 
(21) 

2,08--+0,05* 
(22) 

1,86-+0,04" 
(22) 

1,93-+0,04* 
(22) 

2,05_+0,08 
(10) 

2,29_+0,04 
(:5) 

2,23_+o,o3 
(15) 

1.83--+0,07* 
(12) 

2,02-+0,04* 
(15) 

1,93_+o.o3. 
(15) 

1. As te r i sk  indicates P < 0.05 compared with corresponding control (without 
2. Number  of exper iments  shown in parentheses .  

TABLE 2. Effect  of Ca++ in P r e s e n c e  of GABA on Glutaminase Activity (in/~g N / m g  
p ro t e in /30  rain) of Rat  Bra in  Synaptosomes,  M ± m 

Enzyme 

Glutamine transaminaSe 

Phosphate-independ ent (maleate-activated) 
glutam inase 

Pt~osphate-dependent glutaminase 

GABA (3 mM) 

3,2__0,18 
(9) 

18,5__2,10 
(12) 

i2,1±o,48 
(11) 

Ca ++ _ . ,  (0.75 
mivi) + GABA 
13 raM) 

4,1_0,14" 
02) 

25,0___2,07 * 
(12) 

12,1-+-_o,32 
(12) 

GABA (3 mM) 

3.2+0,16 
(S) 

22,7+0.76 
(12) 

12,1+0,25 
(12) 

ica** (3 mM)+ 
SABA (3 mM) 

5,0+0,59* 
(12) 

25,3+0,50* 
(12) 

12,9+0,28" 
(12)** 

Legend.  Two as te r i sks  indicate that  in this  exper iment  Ca ++ was used in a concentrat ion 
of 1.5 raM. Remainder  of  legend as in Table 1. 

in a concentrat ion as  low as 0.75 mM, and the effect was r a the r  g rea te r  in concentrat ions of 1.5 mM (16%) 
and 3.0 m_M (21%). 

A separate  se r i e s  of exper iments  showed that GABA by itself did not affect the oxidation of glutamate 
and glutamine by synaptosomes.  Fo r  instance, r e sp i ra t ion  during util ization of glutamate (20 re_M) in the 
absence of GABA was (in pmo le s  Oz/10 mg pro te in /h)  2.04 * 0.06, and on the addition of 3 mM GABA it was 
2.14 • 0.04 (n= 12). Similarly,  during uti l ization of glutamine in a concentrat ion of 20 mM the oxygen con- 
sumption was 1.71 • 0.06 in the absence of GABA and 1.73 • 0.05 /~moles O2/10 mg p r o t e i n / h  in the presence  
of 3 m_M GABA. 

To asce r t a in  whether the potentiation of the inhibitory action of Ca ++ in the presence  of GABA is con- 
nected with additional inhibition of glutaminases,  the glutaminase activity of the r a t  bra in  synaptosomes was 
investigated in the p resence  of GABA and during combined incubation with Ca++ and GABA. As Table 2 shows, 
addition of Ca ++ in concentrat ions of 0.75 and 3.0 mM to samples  containing 3 mM GABA caused a s tat is t ical ly 
significant increase  in glutamine t r ansaminase  and phosphate-independent glutaminase act ivi ty  compared with 
samples  of synaptosomes containing GABA only. There  was li t t le change in phosphate-dependent glutaminase 
activity.  The r e su l t s  thus indicate that during the combined action of Ca ++ and GABA no additional inhibition 
of the glutaminase was observed and, consequently, that the strengthening of the inhibitory effect of Ca ++ in 
the p resence  of GABA on glutamine oxidation does not take place at the stage of glutaminase reac t ions .  

The inhibitory act ion of Ca ++ on the oxidation of glutamate and glutamine may take place both at the level 
of oxidative p r o c e s s e s  in the synaptic mitochondria  and at the level of supply of the subst ra tes  to the synapto- 
somes° It has been shown that Ca ++ in mitochondria  can inhibit the oxidation of NAD+-dependeut subst ra tes  
by binding pyridine nucleotides [7, 12]. Poss ib ly  the identically oriented inhibitory effect of Ca ++ on the oxi- 
dation of glutamate and glutamine was p r imar i ly  due to this action of Ca + + at the level of oxidative p rocesses  in 
the mitochondria .  At the same t ime, some difference was found in the action of Ca++ on the oxidation of 
glutamate and glutamine in these exper iments .  By cont ras t  with glutamate, during utilization of glutamine 
the inhibitory effect of Ca ++ increased  with an increase  in the concentrat ion of the cation in the medium; 
fu r the rmore ,  potentiation of the effect of Ca++ on glutamate oxidation was observed  during the combined use 
of Ca ++ and GABA. These di f ferences  in the effect  of Ca++ may be connected with its possible action on 
glutamine t r anspor t  into the synaptosomes.  

The existence of active Na-dependent  t r anspor t  with high affinity and passive Na-independent t ranspor t  
with low affinity has been demonst ra ted  for  the supplying of glutamate to synaptosomes [6, 9]; for glutamine 
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in the synaptosomes only a passive t ransport  system has been found [4, 11]. If the supply of glutamine to the 
synaptosomes is in fact not controlled by the Na + concentration in the external medium, the importance of 
other factors in the control of t ransport  may be increased. In part icular,  some action of the combined addition 
of Ca ++ and GABA to the medium on the glutamine supply is possible. 
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A C T I O N  OF A C U T E  C A R D I A C  I S C H E M I A  ON A C T I V I T Y  

OF T H E  P R O T E I N - S Y N T H E S I Z I N G  S Y S T E M  OF T H E  I N N E R  

M I T O C H O N D R I A L  M E M B R A N E S  OF THE M Y O C A R D I U M  

L .  A. K o p t e v a ,  L .  I .  Z h e v a l y u k o v a ,  UDC 616.12-005o4-036.11-07:616, 
a nd  V. I .  B i r y u z o v a  127-008.939.6-074 

Acute cardiac ischemia caused by ligation of the descending branch of the left coronary ar tery  
leads to a sharp increase in the activity of the protein-synthesizing system of the inner mito- 
chondrial membranes of the myocardium throughout the period of organization of the experi-  
mental infarct, as reflected in an increase in the synthesis of protein and RNA in the mito- 
chondria. During development of the infarct considerable changes are observed in the ul t ra-  
structure of the inner mitochondrial membranes of the myocardium, the degree of which is 
directly dependent on the stage of development of the pathological process .  

KEY WORDS: mitochondria of the heart; ischemia; protein and RNA synthesis; ul t ras t ructure .  

The wri ters  showed previously that necrotic lesions of the heart  have a marked effect on the activity of 
protein and RNA synthesis in the inner membranes of the mitochondria of the undamaged parts of the myo- 
cardittm [2-4]. However, the question arose whether these results  ref lect  a t rue effect of ischemia or whether 
they may be in part  the resul t  of the effect of the sympathomimetic drug isoproterenol, which was used to 
create  the necrotic loci in the myocardinm. 

In the present  investigation classical ischemia of the myocardium caused by ligation of the descending 
branch of the left coronary ar tery  was used as the experimental model. 

E X P E R I M E N T A L  M E T H O D  

Male Wistar ra ts  weighing 250-280 g were used. Since the development of the experimental myocardial 
infarct in the animals continued for about three  weeks, and since the typical picture of proliferation of con- 
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